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The left ventricular cineangiograms of 22 asymptomatic,
apparently healthy male aviators without noninvasive
(echocardiographic or auscultatory) evidence of mitral
valve prolapse were reviewed and compared with those
of 12 men with noninvasive evidence of mild mitral valve
prolapse. The maximal protrusion ofthe posterior mitral
valve leaflet superior and posterior to a line perpendic-
ular to the long axis of the left ventricle at end-systole
was measured from the right anterior oblique left ven-
tricular cineangiogram by repeated observation of left
ventricular inflow. The values were 7.5 ± 1.6 mm in
Since recognition in the mid-1960s of an association be-
tween the auscultatory findings of midsystolic click and late
systolic murmur and a clinical syndrome, considerable in-
vestigative interest has been focused on this common, her-
itable disorder, now generally known as idiopathic mitral
valve prolapse syndrome. Neither echocardiography nor
auscultation will detect all cases of mitral valve prolapse,
and no definitive standard for the diagnosis of this condition
has been generally accepted. Left ventricular cineangiog-
raphy has been applied to the diagnosis of mitral valve
prolapse. In typical cases, the appearance of end-systolic
bulging of one or both mitral valve leaflets into the left
atrium is diagnostic. Recent studies (1,2), however, have
noted an inordinately high prevalence of angiographic evi-
dence of prolapse of the posterior mitral valve leaflet in a
variety of cardiac disorders, reflecting a significant discrep-
ancy between clinical and angiographic findings suggestive
of mitral valve prolapse.
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patients without mitral valve prolapse and 11.2 ± 3.4
mm in patients with mitral valve prolapse (mean ± 1
standard deviation). This measurement did not exceed
11 mm in any patient without prolapse.
It is concluded that: 1) with meticulous attention to
angiographic landmarks of the left ventricular inflow
area, the limits of normal systolic posterior mitral leaflet
motion can be defined; and 2) systolic motion outside
these limits constitutes a quantitative criterion for the
angiographic diagnosis of mitral valve prolapse.
Our experience with left ventricular cineangiography in
clinically normal men led us to believe that this discrepancy
was the result of I) normal variations in the end-systolic
appearance of the left ventricular angiogram in the right
anterior oblique position, and 2) the presence of a certain
degree of systolic motion of the mitral leaflets toward the
left atrium, even in normal individuals. Accordingly, a ret-
rospective analysis of our experience with angiography in
clinically normal individuals and in individuals with evi-
dence of mitral valve prolapse was undertaken in an effort
to separate normal from abnormal degrees of mitral valve
"prolapse. "
Methods
Patient selection. We reviewed the clinical records, se-
lective coronary arteriograms and left ventricular cinean-
giograms of 519 aviators undergoing aeromedical evalua-
tion. Evaluation was considered necessary when signs and
symptoms of cardiac disease were thought to be present in
persons involved in the operation of high performance air-
craft. Routine procedures during such evaluation included
complete history and physical examination, electrocardio-
gram at rest, chest roentgenogram, maximal treadmill ex-
ercise stress testing, ambulatory electrocardiographic mon-
itoring for 4 to 24 hours, vectorcardiogram, phonocardiogram
and echocardiogram. The 519 subjects whose data were
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reviewed included all those who had undergone cardiac
catheterization as a part of their evaluation. Catheterization
was usually performed because of an abnormality of the
electrocardiogram during maximal treadmill exercise stress
testing. All subjects undergoing cardiac catheterization were
studied with both selective coronary arteriography and left
ventricular cineangiography in the 30° right anterior oblique
view.
Exclusion criteria. Subjects were excluded from further
analysis if their ventriculogram was technically inadequate
or was associated with excessive ventricular arrhythmia, or
if the left ventriculogram was performed after coronary ar-
teriography or the administration of nitroglycerin, or both.
Subjects were also excluded from this study if there was
clinical evidence of any degree of valvular or myocardial
disease or if there was angiographic evidence of any degree
of coronary artery disease (including lesions producing <
50% reduction in vessel diameter). Of the remaining 132
angiograms, 12 were performed on subjects with clinical
evidence of mitral valve prolapse (Table 1). The remaining
120 subjects with technically excellent left ventricular stud-
ies were further examined, and those subjects were excluded
who had any history of chest pain, any systolic murmur
louder than grade 2/6, angiographic evidence of aortic valve
disease of any degree, left ventricular end-diastolic pressure
greater than 16 mm Hg, any history of documented ven-
tricular tachycardia (including short, self-limited paroxysms
appearing during treadmill exercise testing) and any abnor-
mality of the chest roentgenogram. In addition, patients
were excluded who were taking cardioactive medication of
any kind, as were those who had any abnormalities of the
electrocardiogram at rest. The remaining 22 asymptomatic,
apparently healthy, unmedicated men without clinical or
noninvasive evidence of mitral valve prolapse and the group
of 12 men with auscultatory or echocardiographic evidence,
or both, of mitral valve prolapse were the subjects of further
study.
Angiographic observations. The 30° right anterior
oblique left cineventriculogram was studied in all patients.
A sinus beat (identified by synchrony of atrial and ventric-
ular contraction) that did not follow a premature beat was
selected for analysis. The end-diastolic left ventricular sil-
houette was identified as the largest left ventricular silhou-
ette seen, and occurred between atrial contraction and the
onset of isovolumic left ventricular contraction. End-systole
was identified as the time at which the smallest silhouette
was seen, and the end-systolic silhouette was identified be-
fore the inflow of unopacified left atrial blood and before
preinflow relaxation of any portion of the left ventricular
wall. The end-diastolic and end-systolic silhouettes were
traced and then retraced with alignment of systolic and di-
astolic long axes and their midpoints. The magnification
factor was measured by photographing a grid of 1 cm squares
at the level of the mid-left ventricle (determined by echo-
cardiographic measurement of the distance from the chest
wall to the mid-left ventricular cavity at end-diastole).
Particularly close attention was paid to the left ventric-
ular inflow area. After multiple viewings of the left ven-
tricular cineangiogram, the posterior site of attachment of
the mitral valve to the mitral anulus was identified (Fig. 1).
This site has been recently described as the mitral fulcrum
(3), angiographically identified by observation of the dia-
stolic inflow of unopacified left atrial blood into the left
ventricle. During early diastole, a small amount of contrast
medium remained trapped between the ventricular surface
of the posterior mitral leaflet and the ventricular endocar-
dium. A line of demarcation was usually obvious between
the column of unopacified blood entering the left ventricle
and the contrast medium remaining between the mitral leaf-
let and the ventricular endocardium. The superior and pos-
terior extremity of this line of demarcation was identified
as the mitral fulcrum.
The left ventricle was traced in end-diastole. The fulcrum
was identified in early diastole, and was observed frame by
Table 1. Clinical Characteristics of 12 Men With Mitral Valve Prolapse
Auscultation- Indication
Case Age (yr) Phonocardiography Echocardiography Symptoms for Study
I 33 MSC Late systolic prolapse None ATM
2 44 Normal Late systol ic prolapse None ATM
3 40 Normal Late systolic prolapse None ATM
4 26 MSC, LSM Holosystolic prolapse None Arrhythmia
5 24 Normal Holosystolic prolapse None Arrhythmia
6 36 MSC Late systolic prolapse None ATM
7 26 Normal Holosystolic prolapse None Arrhythmia
8 S3 MSC Normal Chest pain, Arrhythmia
palpitation
9 40 MSC Normal None CRBBB
10 40 MSC Normal None Arrhythmia
II 40 MSC Late systolic prolapse None ATM
12 37 MSC, LSM Late systolic prolapse None Murmur
ATM = abnormal treadmill test; CRBBB = complete right bundle branch block; LSM = late systolic murmur; MSC = midsystolic click.
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Figure 1. Schematic diagram of the traced end-systolic silhouette
of the left ventricle from the right anterior oblique left ventricu-
logram. indicating the method of measuring degree of mitral valve
prolapse (D). D = maximal mitral protrusion behind and above
L; F = mitral fulcrum; L = perpendicular from F to LA; LA =
long-axis left ventricle; LVOT = left ventricular outflow tract.
frame on the cineangiogram to end-systole, at which point
the left ventricular silhouette was traced and the position of
the fulcrum marked. A line was drawn on the end-systolic
tracing from the midpoint of the aortic valve to the left
ventricular apex, corresponding to the long axis of the ven-
tricle. A second line (L in Fig. I) was drawn perpendicularly
from the mitral fulcrum to the long axis. A distance (D in
Fig. I) was measured and corrected for magnification and
was defined as the maximal perpendicular distance between
line L and the outer boundary of the mitral convexity (Fig.
I). The left ventricular outflow tract was identified and
excluded from the measurement by the observation that
contrast medium in the left ventricular outflow tract did not
clear in diastole, while contrast medium in the left ventric-
ular inflow area always was cleared by diastolic inflow of
unopacified blood from the left atrium.
Data analysis. The left ventricular cineangiograms were
reviewed and traced by two experienced angiographers, who
used the techniques described earlier. Measurements were
made independently by each angiographer, neither of whom
was aware of the identity of the subjects or of the diagnosis
in any case. Intraobserver variation was assessed by deter-
mination of coefficient of variation and analysis of variance
techniques.
Results
Patient characteristics. Normal subjects. The 22 clin-
ically normal men had a mean age (± standard deviation)
of 39 ± 5 years. Cardiac catheterization and selective coro-
nary arteriography were performed because of repolarization
abnormalities during maximal treadmill exercise testing in
60%, isolated episodes of supraventricular tachyarrhythmias
in 31 % and for other reasons in 9%. Results of selective
coronary arteriography were completely normal in all sub-
jects. No subject had any symptoms referable to the car-
diovascular system. All had a completely normal cardiac
examination. Although most of the subjects without pro-
lapse were regularly involved in light recreational activity
and could not be considered completely sedentary, at the
time of catheterization none were engaged in a regular ex-
ercise program involving more than 10 miles of running per
week.
Patients with prolapse (Table J). In the 12 men with
noninvasive evidence of mitral valve prolapse, the mean
age was 36 ± 6 years. Most of the men were referred for
evaluation of arrhythmias or auscultatory abnormalities. Five
of the 12 patients underwent catheterization because of an
abnormal treadmill electrocardiogram, 5 because of arrhyth-
mia, I because of complete right bundle branch block and
I because of a cardiac murmur. Eight patients had definite
auscultatory or phonocardiographic evidence, or both, of
mitral valve prolapse: six with an isolated midsystolic click
and two with a midsystolic click and late systolic murmur.
Of these eight patients, five had echocardiographic confir-
mation of the diagnosis of mitral valve prolapse and three
had a normal M-mode study. Four of the 12 patients with
prolapse had no typical auscultatory and phonocardiographic
characteristics of mitral valve prolapse. These four patients
had definite M-mode echocardiographic evidence of mitral
valve prolapse; two had definite mid to late systolic posterior
buckling of the mitral valve echo, while the remaining two
had marked holosystolic posterior "hammocking" mitral
valve motion with the transducer held perpendicular to the
chest wall. This latter group of four patients was considered
to have acoustically silent mitral valve prolapse. Eleven of
the 12 patients in the group with prolapse were completely
asymptomatic; I patient had rare episodes of chest pain and
palpitation that had not required medical attention. Selective
coronary arteriograms were completely normal in all pa-
tients with prolapse.
Angiographic findings. The mitral fulcrum was easily
identified in all patients. An end-systolic bulge or convexity
involving the inferoposterior portion of the left ventricular
end-systolic silhouette (Fig. 2A) was present in 10 (45%)
of the 22 patients without prolapse. Of the 12 patients with
prolapse, two had evidence of mitral regurgitation which
occurred in late systole and was mild (1/4 +).
Analysis of variance techniques were used to examine
intraobserver differences in the measurement ofsystolic mi-
tral protrusion (D in Fig. J). No consistent difference in
this measurement was found between the two readers. The
difference was normally distributed, and by Student's t test
was not significantly different from zero. The mean differ-
ence between the two readers in this measurement in all
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Figure 2. Early diastolic (top) and end-systolic
(bottom) frames from the right anterior oblique left
ventriculogram. A, In a subject without mitral valve
prolapse. The schematic diagrams at the right il-
lustrate the technique used for identifying the pos-
terior mitral fulcrum (F) and measuring the degree
of mitral valve prolapse (0). Stippled area = in-
flow of nonopacified blood from the left atrium to
the left ventricle. B, In a subject with mitral valve
prolapse. Corresponding schematic diagrams illus-
trate measurements as in A. Abbreviations as in
Figure I.
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angiograms was 0.58 mm. In view of these findings, the
values in both groups were expressed as the mean of the
measurements of the two independent readers. In the 12
patients with prolapse, the range of values was 3 to 16 mm
(mean 11.2 ± 3.4). In the group without prolapse, it ranged
from 5 to 10 mm (mean 7.5 ± 1.6). The upper limit of
normal was therefore defined as 2 standard deviations above
the mean, or 11 mm (Fig. 3).
Discussion
Previous investigations. Since the original description
in 1966 of the angiographic appearance of mitral valve pro-
lapse (4), numerous reports have been published concerning
the angiographic features of this disorder. In cases with
severe prolapse of the posterior mitral leaflet, the angio-
graphic appearance of the contrast-containing pocket of leaf-
let tissue herniating into the left atrium is unmistakable and
diagnostic. Most patients with mitral valve prolapse who
come to cardiac catheterization do so because of severe
symptoms, and therefore probably have a more severe form
of the disease. Many investigators agree that for this reason,
the angiographic findings reported in several studies, al-
though diagnostic of mitral valve prolapse, may not be rep-
resentative of the findings in a typical patient with the milder,
less symptomatic form of idiopathic mitral valve prolapse
(5). Therefore, although left ventricular cineangiography
remains the standard against which other techniques are
compared in the diagnosis of mitral valve prolapse, no sat-
isfactory quantitative criteria have been established that de-
fine the abnormality of mitral valve motion in this condition.
Inter- and intraobserver agreement in the angiographic di-
agnosis of mitral valve prolapse using qualitative criteria
have been unacceptable (6).
20
15
The determination of normal mitral valve motion as vis-
ualized by cineangiography has been hampered by the fact
that almost all patients coming to catheterization necessarily
have symptoms suggestive of cardiac disease, and therefore
are not necessarily normal individuals. An important ex-
ample is the large group of patients undergoing catheter-
ization because of chest pain suggestive of angina pectoris
who are found to have angiographically normal coronary
arteries. It would probably be inappropriate to utilize mea-
surements made in these individuals as control data in a
study of mitral valve prolapse, especially because the latter
is itself known to be frequently associated with the syndrome
of chest pain and normal coronary arteriograms (7-9). Sim-
ilar objections might be raised to other groups used as nor-
mal control subjects in previous angiographic studies (l0,11),
such as those with atrial septal defect, pulmonary infarction,
bronchogenic carcinoma or systolic murmurs of undeter-
mined origin.
Rationale of study. The present study represents the
first reported observations in a large group of clinically
normal, asymptomatic men. Although the catheterization
performed on these subjects was necessary for aviation safety,
there is little to suggest that the electrocardiographic ab-
normalities that prompted catheterization were indicators of
cardiac disease. Furthermore, the experimental group con-
sisted of asymptomatic men with definite but relatively sub-
tle evidence of mitral valve prolapse; these subjects must
therefore be considered to have a less severe form of mitral
valve prolapse than the subjects of previous studies.
Problems in diagnosis. Although the idiopathic mitral
valve prolapse syndrome is relatively common (12-14), a
general tendency toward overdiagnosis of this disorder has
become apparent in recent years (15). This tendency prob-
ably results from a combination of three major problems in
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posterior mitral leaflet (D) are plotted for subjects
without (circles) and with (triangles) noninvasive
evidence of mitral valve prolapse. The large sym-
bols and horizontal bars indicate mean and stan-
dard deviations, respectively. The upper limit of
normal for D is indicated by the dashed line.
Normals Mitral Valve Prolapse
1090 ENGEL ET AL.
ANGIOGRAPHY IN MITRAL VALVE PROLAPSE
lACC Vol. 3, NO.4
April 1984: 1085-91
the diagnosis of mitral valve prolapse: 1) the failure to
correctly identify the key anatomic landmarks of the left
ventricle and mitral valve apparatus on angiography (16-18),
2) the restriction of echocardiographic interpretation to qual-
itative observations owing to absence of quantitative criteria
for the diagnosis of mitral valve prolapse by echocardiog-
raphy (12), and 3) the absence of studies characterizing and
quantitating the angiographic features of systolic mitral valve
motion in a normal group, which would allow the quanti-
tative distinction to be made between normal and pathologic
degrees of mitral valve "prolapse" (19,20).
Anatomic considerations. The triscalloped structure of
the posterior mitral leaflet was first described by Rangan-
athan et al. (21), who found that in 92% of 50 unselected
patients, the posterior mitral leaflet consisted of a large
middle scallop that is flanked by two smaller scallops named
after their respective commissural positions. These inves-
tigators also described the angiographic appearance of each
scallop in patients with mitral valve prolapse (22,23).
The normal mitral valve leaflets are known to exhibit a
slight "tenting" motion toward the left atrium in systole
(24,25), and it is generally acknowledged that the difference
between systolic mitral motion in the normal ventricle and
in mitral valve prolapse is essentially a matter of degree
(12,20,26). The results of the present study indicate that
the posterior and superior systolic motion of the posterior
mitral leaflet is limited under normal circumstances to a
distance of 11 mm perpendicular to a line drawn between
the mitral fulcrum and the long axis of the left ventricle. It
appears that this criterion will distinguish between mild
mitral valve prolapse and normal mitral motion in most
cases.
Angiographic diagnosis. Practical application of these
measurements depends on the accurate identification of an-
atomic landmarks of the left ventricular inflow area. In this
regard, the importance of identification of the sites of at-
tachment of the mitral leaflets to the mitral anulus should
be emphasized. Spindola-Franco (3) and Cohen (27) and
their coworkers described four normal variants of the shape
of the left ventricular silhouette on left ventricular cinean-
giography in the right anterior oblique projection. These
authors proposed qualitative angiographic criteria for the
diagnosis of mitral valve prolapse, namely, mitral protrusion
posterior and inferior to the mitral fulcrum. These criteria
would be unlikely to detect most instances of mild mitral
valve prolapse, however.
The differentiation between bulges occurring as normal
variants ofthe end-systolic configuration ofthe left ventricle
and the abnormal ballooning of the posterior mitral leaflet
in mitral valve prolapse can only be made after definite
visualization of the boundaries of the mitral anulus. In our
opinion, the most common error in the angiographic diag-
nosis of mitral valve prolapse occurs when a normal end-
systolic bulge in the posteroinferior border of the left ven-
tricle is interpreted as representing prolapse of the postero-
medial commissural scallop of the posterior mitral leaflet.
Barlow and Bosman (28) emphasized the importance of the
disappearance in diastole of protrusions on right anterior
oblique left ventricular cineangiography which truly rep-
resent mitral valve prolapse. Our findings underscore the
importance of this observation, especially in cases in which
the diagnosis of mitral valve prolapse is in doubt. Almost
half of our normal subjects had end-systolic bulges along
the posteroinferior border of the left ventricle which, if
viewed in end-systole only, would satisfy the usual quali-
tative criteria for the angiographic diagnosis of mitral valve
prolapse. However, repeated viewing of the cineangiograms
through systole and diastole revealed that all of these bulges
were present during diastole, and represented normal ana-
tomic variations of the region of the left ventricular fornix
(3).
Limitations of study. None of the normal subjects had
a measurement of systolic mitral posterior leaflet protrusion
(D in Fig. I) greater than 11 mm. Eight of the 12 subjects
with noninvasive evidence of mitral valve prolapse had a
measurement of II mm or greater. Of the four patients with
prolapse with a value less than II mm, three had a systolic
click (one without echocardiographic evidence of mitral valve
prolapse). None of the four had a late systolic murmur.
Several possible explanations for this discrepancy between
invasive and noninvasive examinations deserve considera-
tion: I) only the posterior leaflet of the mitral valve was
examined angiographically, and posterior mitral leaflet in-
volvement may be lacking in a small minority of cases of
idiopathic mitral valve prolapse; 2) the individual scallop
of the posterior mitral leaflet accounting for the noninvasive
abnormality may not be easily identified with right anterior
oblique cineangiography; 3) the physical findings of mitral
valve prolapse are notoriously changeable, and prolapse
may have been present at the time of physical examination
but not at the time of angiography (invasive and noninvasive
examinations were done within 7 days of each other in all
patients with mitral valve prolapse); and 4) findings such
as an isolated mid-systolic click or posterior motion of the
mitral valve on echocardiography may not indicate patho-
logic mitral valve prolapse.
The size of the normal group studied with cardiac cath-
eterization was necessarily small, and the error of estimating
the mean and range limits of a large group from a small
sample may be significant, particularly because only men
were studied.
Finally, only men with idiopathic mitral valve prolapse
were studied. The finding of an increased degree of systolic
mitral protrusion is considered quite specific for an abnormal
degree of anatomic mitral valve prolapse, but this finding
alone will not clarify the cause of the abnormal valve motion.
Clinical implications. We compared the left ventricular
cineangiograms in 22 asymptomatic normal men with those
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of 12 men with noninvasive evidence of mild mitral valve
prolapse. Although the angiographic appearance of the left
ventricle and mitral valve in patients with blatant mitral
valve prolapse is easily identified, the separation between
the two groups of subjects in the present study was consid-
erably more challenging and required close attention to the
anatomic landmarks of the left vetricular inflow area with
repeated viewing in systole and diastole of the cineventri-
culogram. Angiographic convexities of the end-systolic sil-
houette of the left ventricle are not uncommon in normal
individuals and do not necessarily represent mitral valve
prolapse. Only by accurate identification of the site of at-
tachment of the posterior mitral leaflet to the mitral anulus
and by measurement of the actual distance of protrusion of
the posterior mitral leaflet can mitral valve prolapse be di-
agnosed with certainty.
Identification of the site of attachment of the posterior
mitral leaflet to the mitral anulus (mitral fulcrum) was of
paramount importance in the determination of the normal
systolic excursion of the posterior mitral leaflet. Systolic
mitral protrusion greater than II mm beyond a line between
the fulcrum and long axis of the ventricle was not found in
any normal subject, but was present in 75% of men whose
physical examination and echocardiogram suggested mild
mitral valve prolapse; this finding may be considered a quan-
titative angiographic criterion for this diagnosis.
References
l. Smith ER, Fraser DB, Purdy JW, Anderson RN. Angiographic di-
agnosis of mitral valve prolapse: correlation with echocardiography.
Am J Cardiol 1977;40:165-70.
2. Somerville J, Kaku S, Saravalli 0. Prolapsed mitral cusps in atrial
septal defect. An erroneous radiological interpretation. Br Heart 1
1978;40:58-63.
3. Spindola-Franco H, Bjork L, Adams OF, Abrams HL. Classification
of the radiological morphology of the mitral valve. Differentiation
between true and pseudoprolapse. Br Heart J 1980;44:30-6.
4. Criley 1M, Lewis KB, Humphries 10, Ross RS. Prolapse of the mitral
valve: clinical and cine-angiocardiographic findings. Br Heart J
1966;28:488-96.
5. Gulotta Sl, Gulco L, Padmanabhan V, Miller S. The syndrome of
systolic click, murmur, and mitral valve prolapse-a cardiomyopathy"
Circulation 1974;49:717-28.
6. Kennett JO, Rust PF, Martin RH, Parker BM, Watson LE. Observer
variation in the angiocardiographic diagnosis of mitral valve prolapse.
Chest 1981;79:146-50.
7. Morch 1. Exercise-induced chest pain, myocardial perfusion and stress
electrocardiography in patients with mitral valve prolapse (abstr). Cir-
culation 1977;55,56(suppl IlI}:IlI-216.
8. Hill W, Jackson 0, Maurer B, McDaniel HG, Reeves TJ, James TN.
Incapacitating chest pain and normal coronary arteriograms (abstr).
Clin Res 1974;22:280A.
9. Nakhjavan FK, Natarajan G, Seshachary P, Goldberg H. The rela-
tionship between prolapsing mitral leaflet syndrome and angina and
normal coronary arteriograms. Chest 1976:70:706-10.
10. Simon R, Krayenbuehl HP, Rutishauser W. Evaluation of contraction
performance in the normal human left ventricle (abstr). Eur 1 Clin
Invest 1974;4:35S-9.
11. Kennedy JW, Bax.ley WA, Figley MM, Dodge HT, Blackman JR.
Quantitative angiocardiography. 1. The normal left ventricle in man.
Circulation I966;34:272-S .
12. Markiewicz W, Stover 1, London E, Hunt S, Popp RL. Mitral valve
prolapse in one hundred presumably healthy young females. Circu-
lation 1976;53:464-73.
13. Procacci PM, Savran SV, Schreiter SL, Bryson AL. Prevalence of
clinical mitral valve prolapse in 1169 young women. N Engl J Med
1976;294: 1086-8.
14. Brown OR, Kloster FE, DeMots H. Incidence of mitral valve prolapse
in the asymptomatic normal (abslr). Circulation 1975;5I,52(suppl 11):
11-77.
15. Ginzton LE, Criley JM. Mitral valve prolapse. Palpating the pachy-
derm (editorial). Chest 1981;79:129-30.
16. Cheng TO. Late systolic murmur in coronary artery disease. Chest
1972:61 :346-56.
17. Raizada V, Bemchimol A, Desser KB, Reich FD, Seasby C, Graves C.
Mitral valve prolapse in patients with coronary artery disease: echo-
cardiographic-angiographic correlation. Br Heart J 1977;39:53-60.
IS. Jcresaty RM. Mitral valve prolapse in patients with coronary artery
disease (letter). Br Heart 1 1977;39: 1043-4.
19. Shrivastava S, Guthrie RB, Edwards lE. Prolapse of the mitral valve.
Mod Concepts Cardiovasc Dis 1977;46:57-65.
20. Perloff JK. Evolving concepts of mitral-valve prolapse (editorial). N
Engl J Med 1982;307:369-70
21. Ranganathan N, Lam me. Wigle ED, Silver MD. Morphology of
the human mitral valve. II. The valve leaflets. Circulation
1970;41 :459-67.
22. Ranganathan N, Silver MD, Robinson TI, et al. Angiographic-mor-
phologic correlation in patients with severe mitral regurgitation due
to prolapse of the posterior mitral valve leaflet. Circulation
1973;48:514-8.
23. Ranganathan N, Silver MD, Robinson TL Wilson JK. Idiopathic pro-
lapsed mitral leaflet syndrome. Angiographic-c1inical correlations.
Circulation 1976;54:707-16.
24. Brock RC. The surgical and pathological anatomy of the mitral valve.
Br Heart 1 1952: 14:489-513.
25. Chiechi MA, Lees WM, Thompson R. Functional anatomy of the
normal mitral valve. 1 Thorac Surg 1956:32:378-98.
26. Criley JM, Kissel GL. Prolapse of the mitral valve-the click and
late systolic murmur syndrome. In: Yu PN, Goodwin lF, cds. Progress
in Cardiology. vol. 4. Philadelphia: Lel\ & Febiger. 1975:23-36.
27. Cohen MV. Shah PK, Spindola-Franco H. Angiographic-echocardio-
graphic correlation in mitral valve prolapse. Am Heart J 1979;97:43-52.
28. Barlow 18, Bosman CK. Aneurysmal protrusion of the posterior leaflet
of the mitral valve. An auscultatory-electrocardiographic syndrome.
Am Heart 1 1966;71: 166-78.
